A Gram-stain-positive, strictly aerobic, non-motile, coccoid bacterium, designated NCCP-154 T , was isolated from citrus leaf canker lesions and was subjected to a polyphasic taxonomic study. Strain T grew at 10-37 6C (optimum 30 6C) and at pH 7.0-8.0 (optimum pH 7.0).
A Gram-stain-positive, strictly aerobic, non-motile, coccoid bacterium, designated NCCP-154 T , was isolated from citrus leaf canker lesions and was subjected to a polyphasic taxonomic study. Strain T grew at 10-37 6C (optimum 30 6C) and at pH 7.0-8.0 (optimum pH 7.0).
The novel strain exhibited tolerance of UV irradiation (.1000 J m "2
). Based on 16S rRNA gene sequence analysis, strain T showed the highest similarity to Deinococcus gobiensis CGMCC 1.7299 T (98.8 %), and less than 94 % similarity to other closely related taxa. The chemotaxonomic data [major menaquinone, MK-8; cell-wall peptidoglycan type, A3b (Orn-Gly 2 ); major fatty acids, summed feature 3 (C 16 : 1 v7c/iso-C 15 : 0 2-OH; 35.3 %) followed by C 16 : 0 (12.7 %), iso-C 17 : 1 v9c (9.2 %), C 17 : 1 v8c (7.4 %) and iso-C 17 : 0 (6.9 %); major polar lipids made up of several unidentified phosphoglycolipids and glycolipids and an aminophospholipid, and mannose as the predominant whole-cell sugar] also supported the affiliation of strain NCCP-154 T to the genus Deinococcus. Brooks & Murray (1981) proposed the genus Deinococcus in a novel family Deinococcaceae on the basis of distinct features for the radiation-resistant 'Micrococcus radiodurans' and reclassification of four cocci. At the time of writing, 50 species with validly published names have been placed in this genus (LPSN, 2014) , which have been isolated from various habitats including radioactive sites (Asker et al., 2009 (Asker et al., , 2011 , radiation-polluted soil (Wang et al., 2010) , desert soil (de Groot et al., 2005; Peng et al., 2009; Rainey et al., 2005; Yuan et al., 2009) , continental Antarctica (Hirsch et al., 2004) , activated sludge (Im et al., 2008; Srinivasan et al., 2012a) , soil (Cha et al., 2014; Lee et al., 2013; Srinivasan et al., 2012b) , water and hot springs (Ferreira et al., 1997; Kämpfer et al., 2008) , air samples (Yoo et al., 2010) , alpine environments (Callegan et al., 2008) , the high atmosphere (Yang et al., 2009) , fish (Shashidhar & Bandekar, 2009) , irradiated meat (Brooks & Murray, 1981) and the termite gut (Chen et al., 2012) . Members of the genus were also isolated from the rhizosphere of Ficus religiosa (Lai et al., 2006) and as contaminants on agar plates (Shashidhar & Bandekar, 2006; Zhang et al., 2007) . The members of this genus are characterized as non-motile, non-spore-forming, aerobic cocci to rods with yellow-, orange-, pink-or red-pigmented colonies and with high DNA G+C content of 62-70 mol%. In addition, strains of this genus contain ornithine as the diagnostic amino acid in the cell-wall peptidoglycan T was isolated on tryptic soy agar (TSA; Difco) by the dilution plate method. Citrus leaves infected with canker were collected from the Citrus Garden of the National Agricultural Research Centre, Islamabad, Pakistan. Canker lesions of infected leaves were cut and their surfaces were sterilized with 70 % ethanol followed by several washings with sterilized deionized water. Isolation of endophytic bacteria was carried out by crushing the canker lesions in sterile PBS, streaking on TSA and incubating at 30 u C. The purified strain was maintained on agar medium as well as being stored at 280 u C in glycerol (35 %, w/v) stocks and was further subjected to phenotypic and taxonomic characterization experiments. Type strains of closely related taxa, Deinococcus gobiensis JCM 16679
T and the type species of the genus, Deinococcus radiodurans JCM 16871 T , were used as reference strains in all experiments under the same laboratory conditions. For characterization, the experiments were performed using TSA or R2A medium at 30 u C unless otherwise mentioned. Based on the results of these experiments, strain T is considered to represent a novel species of the genus Deinococcus.
Colony morphology of strain NCCP-154
T was observed from isolated colonies grown on TSA or R2A medium for 2 days, whereas cell morphology (and motility) was observed using phase-contrast microscopy with a Nikon Optiphot-2 light microscope. Cells were Gram-stainpositive, strictly aerobic, non-motile cocci (2-3 mm in diameter, but some cells up to 5 mm in diameter were observed), mostly in pairs (rarely single), and had a black dot on each cell (Fig. S1 , available in the online Supplementary Material). The optimum and range of pH for growth were determined by growing the strain in tryptic soy broth (TSB; Difco) adjusted to pH 4.0-10.0 (in increments of 1 pH unit) and monitoring the OD 600 using a spectrophotometer (Beckman Coulter model DU730). The pH was adjusted with HCl or Na 2 CO 3 (Sorokin, 2005) and was verified after autoclaving. Strain T grew at pH 7.0-8.0, with optimum growth at pH 7.0. The temperature range for growth was determined on TSA (pH 7.0) by incubating at 4, 10, 15, 20, 25, 30, 33, 37, 40, 45 or 50 u C for 8 days. We observed growth of the strain at 10-37 u C, with optimum growth at 30 u C; there was no growth at 4 or 40 u C and only slight growth after several days at 10 u C. Strain NCCP-154 T did not show any growth on TSA when incubated in an anaerobic chamber (Mitsubishi Gas Chemicals Co., Inc.) for 10 days. Growth of strain NCCP-154 T at various NaCl concentrations was investigated in mTGE medium (Difco), which contained (per litre) beef extract (6 g), tryptone (10 g), glucose (2 g) and agar (15 g) and was supplemented with 0-10 % NaCl and incubated for 2-3 days. Strain NCCP-154 T could not tolerate .3 % (w/v) added NaCl in the medium, and optimal growth was observed without addition of NaCl in mTGE/TSA or TSB (Difco) media at neutral pH.
Physiological and biochemical characteristics of strain T and the reference strains were determined using API 20E, API 20NE and API 50CH galleries (bioMérieux). NCCP-154 T exhibited positive activities for catalase but was negative for oxidase as determined by using API Colour Catalase and API Oxidase reagents (bioMérieux), respectively. Microscopy and the use of M medium (bioMérieux) revealed that strain T is non-motile. Resistance of T to antibiotics was assessed with an ATB-VET strip (bioMérieux) and enzyme activities were determined with an API ZYM strip (bioMérieux). All commercial kits were used according to the manufacturer's protocols. Strain NCCP-154 T exhibited several phenotypic features similar to those of the closely related strains D. gobiensis JCM 16679 T and D. radiodurans JCM 16871 T ; however, it differed from these strains in some physiological and biochemical characteristics ( Table 1) .
Tolerance of UV radiation was determined by growing strain T in TSB to the exponential phase.
D. gobiensis JCM 16679
T and Escherichia coli DH5a were tested as positive and negative controls, respectively. Cultured cells were serially diluted with sterile PBS; 0.1 ml aliquots from each dilution were spread on TSA and were exposed (with the lids open) to UV light (254 nm) to dosages of 0, 100, 200, 400, 600, 800 and 1000 J m A nearly complete 16S rRNA gene of strain NCCP-154 T was amplified as described previously (Ahmed et al., 2007) . The purified PCR product was sequenced with universal forward primers 9F and 515F and reverse primers 926R and 1510R using a commercial service (Macrogen, Korea; http://dna.macrogen.com/eng). The sequence obtained was assembled using BioEdit software to obtain a consensus sequence. The strain was identified using the 16S rRNA gene sequence on Ez-Taxon Server (http://eztaxon-e. ezbiocloud.net) and BLAST searches on DDBJ/NCBI servers. Sequence analyses were performed using MEGA 6.0 following Kimura's two-parameter model as described previously (Ahmed et al., 2014a) . Phylogenetic trees were reconstructed using three algorithms, neighbour-joining (NJ), maximum-parsimony (MP) and maximum-likelihood (ML). The stability of relationships was assessed through bootstrap analysis (Felsenstein, 2005) , by performing 1000 resamplings for the tree topology of the NJ data.
The 16S rRNA gene sequence (1450 nt) of strain NCCP-154 T showed the highest pairwise similarity (98.8 %) to D. gobiensis CGMCC 1.7299 T . The pairwise sequence similarity of strain T to other members of the genus ranged from 89.3 to 93.9 %. The novel strain clustered with D. gobiensis CGMCC 1.7299
T in the phylogenetic tree with high bootstrap support (100 %; Fig. 1 ). The nodes of this cluster also appeared when phylogenetic trees were reconstructed using the ML and MP algorithms, suggesting a strong coherence in the relationship of strain NCCP-154 T with D. gobiensis. Strain NCCP-154 T was similar to D. gobiensis JCM 16679 T in several other characteristics; however, it differed from D. gobiensis JCM 16679 T and D. radiodurans JCM 16871 T in some properties (Table 1) .
For DNA G+C content analysis and DNA-DNA hybridization, genomic DNA of strain NCCP-154 T and the reference strains was isolated using the Qiagen Genomic-tip 500/G following the manufacturer's protocol, with a minor modification in which RNase T1 was used in addition to RNase A. DNA-DNA hybridization was performed at 60 u C with photobiotin-labelled DNA and microplates as described by Ezaki et al. (1989) , using a Fluoroskan Ascent plate reader (Thermo Labsystems) for fluorescence measurements. The DNA-DNA relatedness of NCCP-154 T with D. gobiensis JCM 16679 T was 63.3±3.7 %, which is less than the 70 % threshold widely recognized for assigning a strain to a novel species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . To determine DNA G+C contents, genomic ): colistin (4), sulfamethizole (100), flumequine (4), oxolinic acid (2), enrofloxacin (0.5) and metronidazole (4). All three strains were sensitive to (mg ml 21 ) penicillin (0.25), amoxicillin (4), amoxicillin/clavulanic acid (4/2), oxacillin (2), cephalothin (8), cefoperazon (4), streptomycin (8), spectinomycin (64), kanamycin (8), gentamicin (4), apramycin (16), chloramphenicol (8), tetracycline (4), doxycycline (4), erythromycin (1), lincomycin (2), pristinamycin (2), tylosin (2), nitrofurantoin (25), fusidic acid (2) and rifamycin (4).
Characteristic 1 2 3
Temperature range for growth ( u C) 10-37 10-37 10-40 pH for growth Range 7-8 7-9 6-9 Optimum 7 7 7-8 Hydrolysis of gelatin 2 2 + Acid production (aerobically) from: Erythritol + 2 2 DNA was digested with P1 nuclease and alkaline phosphatase and DNA G+C contents were determined by HPLC as described previously (Roohi et al., 2014) . The DNA G+C content of strain NCCP-154 T was 70.0 mol%. A similar DNA G+C content (70.2 mol%) was observed for the closely related reference strain D. gobiensis JCM 16679 T ; however, this value was significantly higher than the result reported by Yuan et al. (2009) (65.4 mol%) . This discrepancy may have resulted from the use of different methodologies, i.e. analysing DNA G+C content using HPLC rather than with the spectrophotometric denaturation method described by Marmur & Doty (1962) .
Whole-cell fatty acids of strain T and the reference strains were analysed using cells grown on TSA for 24 h. Cellular fatty acid methyl esters were prepared as described by Sasser (1990) and were analysed by GC (Hewlett Packard 6890) following the standard protocol of the Sherlock Microbial Identification System (MIDI Sherlock version 4.5, MIDI database TSBA40 4.10). The cellular fatty acid profile of the novel strain consisted predominantly of summed feature 3 (C 16 : 1 v7c/iso-C 15 : 0 2-OH; as defined by MIDI) followed by C 16 : 0 , iso-C 17 : 1 v9c, C 17 : 1 v8c and iso-C 17 : 0 (Table 2 ). Though this profile was similar to those of other members of the genus, strain NCCP-154 T exhibited differences in certain components, particularly in the amounts of summed feature 3 and iso-C 17 : 1 v9c and the absence of anteiso-C 17 : 1 v9c from D. gobiensis JCM 16679 T (Table 2) .
Lyophilized cells (150-200 mg) of strain NCCP-154 T and the reference strains were grown in TSB for 24 h to analyse respiratory quinones and polar lipids according to the method described by Minnikin et al. (1984) . Isoprenoid quinones were determined by HPLC, and MK-8 was found to be the major component ( 
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Deinococcus piscis 3ax T (DQ683348) Thermus aquaticus YT-1 T (L09663) Fig. 1 . Phylogenetic tree showing relationships of strain NCCP-154 T with type strains of closely related species of the genus Deinococcus inferred from 16S rRNA gene sequences. Data with gaps and ambiguous nucleotides were removed during alignment for reconstruction of the tree, which was rooted by using Thermus aquaticus YT-1 T as an outgroup. The tree was generated using the NJ method in MEGA 6.0 (Tamura et al., 2013) based on a comparison of 1342 nt. Bootstrap values, expressed as percentages of 1000 replications, are given at branching points; only values .50 % are shown. Nodes indicated with filled circles were recovered by all three algorithms (NJ, MP and ML). Bar, 2 % sequence divergence. The GenBank/EMBL/ DDBJ accession number of each sequence is shown in parentheses.
MK-7 was also detected as a minor component (14.1± 1.5 %). The reference strains D. gobiensis JCM 16679 T and D. radiodurans JCM 16871
T contained MK-8 (96.6 and 94.7 %, respectively), while traces of MK-7 (3.3 and 5.2 %) were also detected. Previously, the isoprenoid quinone system in genus Deinococcus was reported as MK-8 (Cha et al., 2014; Srinivasan et al., 2012a; Yoo et al., 2010; Yuan et al., 2009) . Strain NCCP-154 T contained a significant amount of MK-7 (as a minor component), whereas only traces of this component were found in the closely related reference strains.
Polar lipids of strain NCCP-154
T and the reference strains were examined by two-dimensional TLC, using silica gel 60 HPTLC plates (Merck; 10610 cm), as described by Kudo (2001) and others (Jacin & Mishkin, 1965; Minnikin et al., 1984) . T showed a polar lipid profile that was similar to those of D. gobiensis JCM 16679 T and D. radiodurans JCM 16871 T , which consisted predominantly of several phosphoglycolipids, glycolipids and aminophospholipids of unknown structure (Fig. S2 , available in the online Supplementary Material). The presence of these lipids extracted from strain T confirms that it should be assigned to the genus Deinococcus.
The cell-wall peptidoglycan of T was analysed according to the method of Schleifer & Kandler (1972) . Cell walls were purified from cells grown in TSB at 30 u C for 24 h; the amino acids were analysed quantitatively in the purified cell wall using an automatic amino acid analyser (Hitachi) according to a method described elsewhere (Ahmed et al., 2014b; Kawamoto et al., 1981) . Strain NCCP-154 T contained ornithine, glycine, alanine and glutamic acid in a molar ratio of 1.0 : 2.6 : 2.3 : 1.4. The inter-peptide bridge of the peptidoglycan of strain NCCP-154 T comprised L-ornithine and glycine as diagnostic amino acids, corresponding to peptidoglycan structure type A3b (Schleifer & Kandler, 1972) . This peptidoglycan structure is in agreement with that of the other members of the genus Deinococcus. Analysis of whole-cell sugars of strain T and the reference strains was carried out as described by Staneck & Roberts (1974) with the modification that sugars were identified on HPLC instead of TLC (Mikami & Ishida, 1983) . The major whole-cell sugar was detected as mannose (along with traces of glucose) in strain NCCP-154 T and the reference strains.
On the basis of phylogenetic analyses and DNA-DNA relatedness studies, as well as the phenotypic and chemotaxonomic data presented in this paper, the isolated strain T is assigned to a novel species in the genus Deinococcus, Deinococcus citri sp. nov.
Description of Deinococcus citri sp. nov.
Deinococcus citri (ci9tri. L. gen. n. citri of the citrus tree).
Cells are Gram-stain-positive, strictly aerobic, non-motile cocci (2-3 mm in diameter, with some cells up to 5 mm in diameter), occurring mostly in pairs (rarely single), with a black dot observed on the cells. Colonies are round with an entire margin, moist, raised, pink on TSA (Difco) but red on R2A medium (Difco). Grows at 10-37 u C (optimum at 30 u C) and at pH 7.0-8.0 (optimum growth at pH 7.0) and can tolerate 0-3 % NaCl (w/v) (optimal growth without NaCl). Positive for b-galactosidase (p-nitrophenyl b-Dgalactopyranoside) and nitrate reduction to N 2 but negative for arginine dihydrolase, lysine-and ornithinedecarboxylases, citrate utilization, H 2 S production, tryptophan deaminase, indole production and Voges-Proskauer potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate (API 50CH; bioMérieux). Strong enzyme activity for leucine arylamidase, a-chymotrypsin, aglucosidase, b-galactosidase, esterase (C4), esterase lipase (C8), acid phosphatase and b-glucosidase, whereas it tests negative for alkaline phosphatase, lipase (C14), trypsin, valine arylamidase, naphthol-AS-BI-phosphohydrolase, cystine arylamidase, a-galactosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase (API ZYM; bioMérieux). The cell-wall peptidoglycans contain L-ornithine as the diagnostic amino acid, which corresponds to type A3b (L-Orn-Gly 2 ). The major polar lipids are several phosphoglycolipids and glycolipids and an aminophospholipid of unknown structure. Mannose is detected as the major whole-cell sugar. The predominant cellular fatty acids are summed feature 3 (C 16 : 1 v7c / iso-C 15 : 0 2-OH as defined by MIDI), C 16 : 0 and iso-C 17 : 1 v9c followed by C 17 : 1 v8c, iso-C 17 : 0 , C 16 : 1 v9c, C 17 : 0 , C 18 : 1 v7c, C 17 : 1 v6c and anteiso-C 17 : 1 v9c. 
